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PURPOSE: To illustrate the value of cohort studies to assess trends in chronic disease risk factors.
METHODS: In collaboration with the American Registry of Radiologic Technologists and the Univer-
sity of Minnesota, the National Cancer Institute initiated a cohort study of cancer among radiologic tech-
nologists. More than 90,000 technologists who responded to a mailed questionnaire were grouped into ten
birth cohorts from before 1920 through 1960 and later, and stratified by self-reported racial/ethnic groups.
Trends in height, smoking, and reproductive factors were analyzed.

RESULTS: Among the trends observed were that the proportion of young men (< 18 years) smoking
generally fell in each birth cohort after 1925, whereas the proportion of young women smoking rose for
those born after 1950. Among women born since 1940, the mean age at menarche for white women has
remained at 12.5 years, but has declined among black and Asian/Pacific Islander women. Recent birth co-
horts (since 1955) show among the highest mean ages at birth of first child (> 26 years), highest rates of
nulliparity at age 25 (= 63 %), and lowest mean parity levels (< 1.7) compared with earlier cohorts.
CONCLUSION: Analyses of large cohorts can clarify birth cohort trends in chronic disease risk factors.
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INTRODUCTION

Knowledge of historic trends in risk factors for cancer, heart
disease, and other chronic diseases can inform our under-
standing of historic disease patterns and help us anticipate
future disease burdens. Large cohort studies that span several
birth periods, such as the cohort of radiologic technologists
reported here, provide a valuable resource for exploring
these trends. This study uses the questionnaire responses of
more than 90,000 radiologic technologists who were born
across more than a forty-year time span to describe trends in
chronic disease risk factors, and to examine differences and
similarities in these trends among self-reported white, black,
and Asian/Pacific Islander birth cohorts.
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METHODS
Study Population

In collaboration with the American Registry of Radiologic
Technologists (ARRT) and the University of Minnesota
School of Public Health, the National Cancer Institute
(NCI) initiated a study to evaluate health outcomes associ-
ated with long-term occupational exposure to radiation and
other risk factors among ARRT registrants. Details of the
study are reported elsewhere (1, 2).

In brief, the original study population consisted of 146,022
radiologic technologists who had been certified by the ARRT
for at least two years between 1926 and 1982 and resided in
the U.S. Beginning in 1984, a baseline questionnaire was
mailed to living technologists with a current address (N =
132,519) and 90,305 responses were received. A follow-up
questionnaire, which largely serves as the basis for this cur-
rent analysis, was mailed to 125,707 living technologists
with a current address between 1995 and 1998, regardless of
whether they had responded to the first questionnaire;
91,173 responses were received to the second questionnaire.

Questionnaire

A 16-page questionnaire asked subjects about established
and suspected risk factors for cancer, including demo-
graphic characteristics, physical characteristics, smoking,
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other lifestyle behaviors, and reproductive factors, as well as
radiation-related medical and occupational histories.

Statistical Methods

We grouped respondents into ten mostly five-year birth co-
horts (< 1920, 1920-24, 1925-29, 1930-34, 1935-39, 1940~
44, 194549, 1950-54, 1955-59, and = 1960). We explored
changes over time in the height of men and women, an an-
thropometric variable, which has been linked to cancer
(3-9) and heart disease (10, 11). We also examined trends
in smoking behavior (proportion of cohort ever-smoking
(= 100 cigarettes in lifetime), proportion smoking before age
18, mean age at start of smoking) in men and women because
smoking is a major cause of cancer, heart disease, chronic ob-
structive pulmonary disease, and other illnesses (12). In addi-
tion, we examined trends in reproductive factors, which have
been associated with cancer and other chronic diseases (13-19).
These included mean age at menarche, mean age of women
at birth of first child, proportion of women in each birth co-
hort who were nulliparous at age 25 years, mean number of
live births, and indicators of oral contraceptive use (propor-
tion of cohort ever-using, proportion using = 5 years, mean
age began using).

We specifically excluded cohort members who were
nuns from our analysis of trends in smoking, nulliparity,
parity, and oral contraceptive use, because nuns comprised
about 6% (66/1106 women) of the female radiologic tech-
nologists who were born before 1920 and they had repro-
ductive and other lifestyle experiences that did not reflect
the wider population of women. We looked at birth cohort
trends stratified by self-reported racefethnic group (white,
black, Asian/Pacific Islander), as identified by the partici-
pants. We did not examine trends in other racial/ethnic
groupings, which included too few participants.

RESULTS

The respondent study population of radiologic technologists
is more than three-fourths women and predominantly white
(Table 1). The majority was born between 1940-59 (78%)
and most were married. As shown in Figures 1a and 1b, mean
heights rose over time for male and female technologists
among all racial groups. In each birth cohort, mean heights
did not differ substantially between whites and blacks, while
mean heights of Asian/Pacific Islanders were lower.
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TABLE 1. Demographic characteristics of radiologic
technologists who responded to a mail questionnaire, 1995-1998

Characteristic No. %
Sex
Male 20974 23
Female 69998 7
Race
White 84202 93
Black 2840 3
Asian/Pacific islanders 2523 3
Other 1195
Unknown 212 <1
Birth year
<1920 1677 2
1920-29 4733 5
1930-39 12520 14
1940-49 30359 33
1950-59 40958 45
1960+ 724 1
Unknown 1 <1
Marital status
Married 69825 71
Widowed 3170 4
Divorced/separated 10904 12
Never married 6293 7
Unknown 780 <1
Education®
<12 years or radiation tech. vocational 48526 55
College or graduate school 36425 40
Other 4718 5
Unknown 636 <1
Residence?
Northeastern 17349 19
Southern 16715 18
Midwestern 21941 24
Western 12180 13
Unknown 22787 25

2Derived from the earlier baseline questionnaire.

Figures 2a through 4b provide three indicators of smok-
ing behavior among men and women. Among white and
black men, the proportion ever-smoking was nearly 70% in
the birth cohorts of the late 1920s and early 1930s, before
declining to about 38% and 32%, whites and blacks, re-
spectively, in the late 1950s (Figure 2a). The proportion of
Asian/Pacific Islanders who smoked was markedly lower in
each successive birth cohort. The proportion smoking be-
fore age 18 (high school age) also reached a high of 33%
(white), 26% (black), and 22% (Asian/Pacific Islander) in
the birth cohorts of the late 1920s/early 1930s, and a low of
16% (white), 7% (black), and 9% (Asian/Pacific Islander)
in the birth cohort of 1955-59 (Figure 3a). The mean age
men began smoking, however, has been relatively constant
for white men, but more erratic for the other racial/ethnic
groups (Figure 4a). The proportion of black men and Asian/
Pacific Islander smoking before age 18 has been consis-
tently lower than for white men, with the mean age at
which they began smoking consistently higher.



AEP Vol. 12, No. 6
August 2002: 363-369

A Mean Height of Men
7
£ 69 _ /’M
T e
L “«
> 67 -
g 66
I
T 65
S 64
= &
2
) cb Q N ) D O
s & bbuﬁb"‘%bb &
>3’ N S A\

Year of Birth

Mean Height of Women

Mean Height (in.)
[}
[}

‘b"‘b‘@b“fo

5 o
INMENR g ARSI A - A
R L= \4 (’3” \'b RS O

Year of Birth

FIGURE 1. The figure does not include data for any group where
fewer than 50 individuals comprised the birth cohort. @ White,
M Black, A Asian/Pacific Islander.

Compared to men, a smaller proportion of women have
smoked in each birth cohort, but the trends by year of birth
and racial/ethnic group were similar to those of men. The
proportion of white and black ever-smokers rose to a peak
in the birth cohort of the early 1930s, and subsequently fell
to levels of 34% and 28% respectively in the birth cohorts
of the late 1950s and 1960s (Figure 2b). The proportion of
Asian/Pacific Islander women ever-smoking has been lower
than white and black women for most birth cohorts. The
proportion of women smoking before age 18 has been er-
ratic, but steadily increased among those women born since
the 1950s (Figure 3b). In cohorts born after World War II,
the proportion of high-school age black women who
smoked has been about 60% of that of white women,
whereas the proportion of Asian/Pacific Islander women has
approached that of white women in the most recent birth
cohort. Finally, the mean age that women began smoking
fell among white and Asian/Pacific Islander, but not black,
women (Figure 4b).

The remaining trends relate to reproductive factors in
women. The mean age at menarche of white women fell from
13.1 among those born before 1920 to 12.5 among those born
in the early 1940s (Figure 5), and has remained unchanged in
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FIGURE 2. The figure does not include data for any group where
fewer than 50 individuals comprised the birth cohort. The figure
excludes women who were nuns. The number excluded by birth
cohort were as follows <1920, 66; 1920-24, 35; 1925-29, 30; 1930—
34, 34; 1935-39, 29; 1940-44, 9; 194549, 6; 1950-54, 2; 1955—
59, 1; 1960 +, 0. @ White, M Black, A Asian/Pacific Islander.

subsequent birth cohorts. While the mean age at menarche of
black and Asian/Pacific Islander women was similar to white
women in early birth cohorts, it has continued to fall, reach-
ing a low of 12.1 among those born in the late 1950s.

The mean age of women at the birth of their first child
rose among cohorts born since the early 1940s, reaching a
high of about age 27 in the birth cohort of the late 1950s
(Figure 6). The mean age at birth of their first child was
higher among Asian/Pacific Islander women than the other
racial/ethnic groups in each birth cohort, steadily rising for
birth cohorts of 1940-44 and later. The proportion of
women who were nulliparous at age 25 rose from a low of
39% (white), 44% (black), and 50% (Asian/Pacific Is-
lander) among the cohorts born in the late 1930s and early
1940s to a peak of 69%, 65%, and 75%, respectively among
those born in the late 1950s (Figure 7).

Similarly, the mean number of live births among white
and black women reached a peak among those born in the
early 1930s and declined thereafter, with the mean number
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FIGURE 3. The cut-point of age 18 reflects smoking prior to
completion of secondary school education. The figure does not in-
clude data for any group where fewer than 50 individuals com-
prised the birth cohort. The figure excludes women who were
nuns. @ White, B Black, A Asian/Pacific Islander.

of births generally lower among black than white women in
this cohort (Figure 8). In contrast, Asian/Pacific Islander
women reached a peak live birth rate in the early 1940s be-
fore subsequently declining.

The proportion of white and black women ever using
oral contraceptives has remained above 70% among those
born since the 1940s, and reached a high of roughly 80+
percent among the latest birth cohorts, with black rates
slightly exceeding those of whites and Asian/Pacific Island-
ers (Figure 9a). The proportion of users with duration of use
= 5 years has exceeded 39% for all cohorts born in the
early 1930s or later and reached a high of 61% among white
women born since 1960, 69% among black women born in
the late 1950s, and 54% among Asian/Pacific Islander
women born in the early 1950s (Figure 9b). Correspond-
ingly, the mean age that women began using oral contra-
ceptives has fallen to a low of less than 20 years in the
youngest birth cohorts (Figure 9c).
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FIGURE 4. The figure does not include data for any group where
fewer than 50 individuals comprised the birth cohort. The figure
excludes women who were nuns. @ White, Bl Black, A Asian/
Pacific Islander.

DISCUSSION

Few studies have evaluated trends in important risk factors for
cancer and other chronic diseases among birth cohorts from dif-
ferent historical periods. None to our knowledge have looked at
trends by racial or ethnic group. Some studies have looked at
trends in disease incidence by birth cohort (20), but these can
be difficult to interpret without information on corresponding
risk factor patterns. Thus, understanding birth cohort trends in
risk factors for chronic disease may be helpful in explaining ex-
isting disease trends, as well as in anticipating future changes.
To a great extent the trends in risk factors by birth cohort
examined here are parallel for the three groups, with the abso-
lute levels among factors sometimes varying by race/ethnic
group, such as for example, with the proportion of ever-
smokers. One intriguing birth cohort difference among the ra-
cial/ethnic groups is the continuing decline among black and
Asian/Pacific Islander women in the age at the onset of me-
narche, while the mean age of menarche plateaued in whites
in the birth cohorts of 1940-44 and later. This finding would
be particularly worth assessing in other cohorts because it
raises important questions about whether and how hormonal
and dietary exposures might differ among racial/ethnic groups.
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FIGURE 5. The figure does not include data for any group where
fewer than 50 individuals comprised the birth cohort. @ White, Il
Black, A Asian/Pacific Islander.

Some trends in risk factors common to the three groups
illustrate the potential value of examining trends by birth
cohort. For example, declining ovarian cancer rates appear
to reflect, at least in part, historical changes in oral contra-
ceptive use. Ovarian cancer incidence and mortality rates
have declined among women under age 60 years during the
period 1970-95 (21). The marked increase in the use of
oral contraceptives for women born since the 1940s, to-
gether with the continued reduction in the mean age at
first use, may contribute to a continued reduction in ovar-
ian cancer rates in the future (21, 22). With regard to to-
bacco, the generally declining percentage of men who have
ever smoked among succeeding cohorts born since the early
1940s suggests that there may also be a decline in the future
societal burden of tobacco-related diseases among men who
are currently under the age of 50 years. The increase in the
proportion of women smoking before age 18 years among
those born since the early 1950s suggests a possible increase
in female lung cancer rates in this group. Moreover, changes
in smoking behavior may be useful in explaining disease rate
changes as they become apparent, such as the recently noted
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FIGURE 6. The figure does not include data for any group where
fewer than 50 individuals comprised the birth cohort. @ White, Bl
Black, A Asian/Pacific Islander.
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FIGURE 7. The figure excludes women who were nuns. The cut
point of age 25 is consistent with definitions of nulliparity used in re-
lation to breast cancer risk. The figure does not include data for any
group where fewer than 50 individuals comprised the birth cohort. @
White, B Black, A Asian/Pacific Islander.

decline in the rate of decrease of lung cancer mortality rates
among those born around 1950 (23).

Trends in breast cancer risk factors observed in the
present study are contrary to the declining birth cohort risk
of breast cancer mortality observed for women born after
1948 in the U.S. (20). The increase in age at first birth, the
continued increase in height, and the stable or declining
age at menarche for women born after 1950 are not consis-
tent with decreasing breast cancer mortality in these birth
cohorts (20). The magnitude of some breast cancer risk fac-
tors, however, may vary with menopausal status, and the re-
ported birth cohort cancer trend reflects almost exclusively
premenopausal women because of the young age distribu-
tion of our study population. Thus, the trends in breast can-
cer risk factors observed here raise an important question:
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FIGURE 8. The figure excludes women who were nuns. The fig-
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whether future cancer rates of those born after 1950 will re-
flect the declining birth cohort cancer trend that has been
observed or whether, as the women in our study population
enter menopause, their cancer rates will increase, reflecting
the adverse trends in breast cancer risk factors observed
among the women of this investigation.
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One limitation of the study is its reliance on self-reported
information. The accuracy of self-reported fundamental per-
sonal information (on height, age at menarche, parity, ciga-
rette smoking) is likely to be high, particularly for events that
are important to the individual, such as number of live births
and to remain high, even after recall periods of several years
(24). Some risk factor information examined here involved
memories about the timing of events, such as the age respon-
dent initiated smoking and duration of oral contraceptive use,
which would seem more difficult to recall accurately. None-
theless, one German study indicated reasonably good recall of
oral contraceptive histories, including duration of use, number
of episodes of use, and time since first and last use (25). More-
over, the respondents appear reasonably consistent on at least
one fundamental question, demonstrating a correlation of 0.83
for responses to two questionnaires completed about a decade
apart on age at menarche.

Another potential limitation is the representativeness of
this cohort of the general U.S. population. The female re-
spondents reflect a group of women who have trained for a
career, although many have not been working all of their
adult life. The least representative of the broader public are
probably the earliest birth cohorts, whose career orientation
may explain the high proportion of women who never mar-
ried (> 20 percent among those born before 1920, excluding
nuns). Assessing the representativeness of trends observed in
our study population, however, is made difficult by the ab-
sence of published literature on birth cohort trends in risk fac-
tors among representative cohorts. Although we were able to
examine some risk factor trends, such as ever-smoking status,
in the cohort of NHANES I and II respondents, some risk fac-
tors, such as use of oral contraceptives, were not apparently
available in public cohorts. Preliminary analyses of NHANES
data suggest similar trends in ever-smoking status among re-
spondents; though, as we suggest, more comprehensive assess-
ment of this and other cohorts is recommended.

However representative of the general population, this co-
hort of radiologic technologists provides valuable information
on changing risks in workers, particularly working women.
Moreover, despite its apparent unrepresentativeness on gender
and race, it may nonetheless be useful in understanding the
general population. We have presented trends by race and gen-
der, which facilitates applying the results to other populations.
In addition, the cohort seems to reflect generally the educa-
tional attainment of the U.S. population, which has < 45%
with one or more years of college compared to about 40% in
this cohort (26).

Moreover, working status would appear unimportant to
some factors, such as age at menarche and height, and other
studies that have examined time trends for these risk factors
have reported consistent results. For example, a recent re-
view of secular changes in height noted that in Western
and industrialized countries increases in adult height have
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varied between 0.3 and 3.0 cm per decade (27), a rate con-
sistent with our findings for the birth cohorts of radiologic
technologists. While several reports from Northern Euro-
pean countries indicate a leveling off in the mean age at
menarche at about 13 years (28-30), at least one U.S. re-
port (31) documents that, among white mothers of single-
tons, the mean age of menarche bottomed out at 12.5, the
same age we found to characterize menarche for white
women born after 1940 in this study.

This is one of the first studies to examine trends in sev-
eral reproductive and other chronic disease risk factors by
birth cohort over several decades among a large population
distributed across the U.S., and to examine trends by race.
While this analysis of a cohort of working men and women
may not be fully representative of the general U.S. popula-
tion, it conveys some sense of changes in risk factors among
workers and presents a model that may be applied to other
cohort studies. Similar analyses of other large cohorts may
further clarify birth cohort trends in some fundamental risk
factors for the major chronic diseases confronting the
American population, and thus taken together, such studies
can help provide a more complete understanding of chang-
ing disease patterns.
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